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论文利用 31P NMR 跟踪技术，研究了 Ph3P/C2Cl6 试剂核苷氯代的反应
机理。通过 31P NMR 监测反应中磷谱的一系列变化，捕获到反应中两个新
出现的化学位移值分别为+15.3ppm 和+65.2 ppm 的峰，推测为反应的两个中间
体，并提出了相应的反应机理。  
Michael 加成反应是有机合成中重要的碳碳键形成方法，利用有机小分子催
化 Michael 加成反应是 近的研究热点。本论文首次在吡咯环氨基 α-位引入了手
性膦酸酯，其合成比较简单，共三步，原料便宜易得，总产率 52％。本文对其
催化不对称的 Michael 加成条件进行优化发现：在室温下，以氯仿为溶剂，用 10 
mmol%的催化剂和 10 mmol%的对甲基苯甲酸添加剂为 优反应条件。在此反应
条件下，研究了一系列不对称 Michael 加成反应，取得了良好的产率和立体选择
性：产率 83%～97%，对映选择性 ee 高达 98％，非对映选择性 dr 高达 99:1。 























Halodeoxy sugars, and in particular the chloro compounds, have been widely 
used as intermediates in the synthesis of deoxy sugars, unsaturated sugars, amino 
sugars, etc. In some cases, it can also be of primary biological interest. In this paper,  
an efficient and mild chlorinating reagent for nucleosides was developed, which is the 
combination of Ph3P and C2Cl6. Used this reagent, 5'-chloro-5'-deoxynucleosides 
could be conveniently prepared without the necessary protection of 2'- (3'-) hydroxyl 
groups and the amino group of the nucleoside. All reactions were performed in DMF 
at room temperature in the presence of 1.1 equiv Ph3P/C2Cl6 for some hours, giving 
good yields (up to 95%). Based on the results of 31P NMR spectrum, a possible 
mechanism involving an oxyphosphonium intermediate was proposed 
The Michael reaction is an important carbon–carbon bond-forming reaction in 
organic synthesis. In recent years, an intense research effort has been made to find 
non-toxic chiral organic molecules as catalysts for enantioselective reactions. In this 
context, P-chiral α-aminophosphonates have been described as catalyst for the 
asymmetric Michael reaction. There were many methods available to synthesize 
P-chiral α-aminophosphonates, we chosed the most optimum one to gain them with 
three steps, the total yield is 52%. Under the optimal reaction conditions, all reactions 
were performed in CHCl3 at room temperature in the presence of 10mol% of P-chiral 
α-aminophosphonates as catalyst and 10 mol% 4-Methylbenzoic acid as addiction. In 
each case, Michael adducts were obtained with good yields (up to 97%), high 
enantioselectivities (up to 98% ee), and disastereoselectivities (up to syn/anti 99/1). 
we believed the strategy described in this paper may be useful for other asymmetric 
catalysis. 
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符号缩写表 
符号 英文含义 中文含义 
A Adenosine 腺苷 
AZT Azidothymidine 叠氮胸苷 
BtH Benzotriazole  苯并三氮唑 
C Cytidine 胞苷 
DNBS 2,4-Dinitrobenzene Sulfonic Acid 2,4-二硝基苯磺酸 
DMSO Dimethyl Sulfoxide  二甲基亚砜 
DMF Dimethylformamide N,N-二甲基甲酰胺 




dr Diastereomeric Ratio 非对映异构体比例 
ee Enantiomeric Excess 对映异构体过量 
ESI-MS Electrospray Ionization Mass Spectrometry 电喷雾电离质谱 
HMPA Hexamethylphosporamide 六甲基膦酰三胺 
HPLC High Performance Liquid Chromatography 高效液相色谱 
NMP N-Methyl-2-pyrrolidone N-甲基吡咯烷酮 
NMM N-Methylmorpholine N-甲基吗啡啉 
NMR Nuclear Magnetic Resonance 核磁共振 
p-TSOH p-Toluenesulfonic Acid 对甲苯磺酸 
T Thymidine 胸苷 
THF Tetrahydrofuran 四氢呋喃 
TFA Trifluoroacetic Acid 三氟乙酸 
TLC Thin Layer Chromatography 薄层色谱 
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1 2  
图 1-1 运用磺酰氯使核苷氯代 
1.1.2 环核苷开环 
环核苷主要包括核苷糖环的 2'位、3'和 5'位分别与碱基（嘧啶的 2'位和嘌呤
的 3'位）成环，卤素离子的进攻使得环核苷开环，得到构型保持的卤代核苷。但
是，由不保护的核苷制备相应的环核苷有时非常困难。对于嘧啶核苷来说，2',2
－环核苷容易得到，但 3',2 以及 5',2 环核苷的合成则不易。而对于嘌呤核苷来说，







































3 4 5  
图 1-2 环核苷开环 
1.1.3  (PhO)3P+-CH3I-与核苷的反应 



































图 1-3 (PhO)3P+-CH3I-与核苷的碘代反应 
该反应也存在诸多限制：当对嘌呤核苷的 5'伯羟基进行反应时，生成的是

























































12 13 14  
图 1-4 (PhO)3P+-CH3I-与核苷的其他反应 
1.1.4 Vilsmeier-Haack 试剂 


















15 16  
图 1-5 Vilsmeier-Haack 试剂与保护胞苷的氯代反应 
但该试剂与不保护的核苷反应时容易发生其他副反应（图 1-6），如与不保护






































17 18 19  
图 1-6 Vilsmeier-Haack 试剂与核苷的其他反应 
1.1.5  Ph3P/CX4 与核苷的反应 
Ph3P/CX4 试剂的活性比较低，所以反应时间比较长，而且反应过程中经常
























21a, X = Cl, 70%
21b, X = Br, 55%




图 1-7 Ph3P/CX4 与核苷的卤代反应及机理 





































图 1-8 BDCP 试剂与核苷的氯代反应 
这种反应平稳、条件温和、速率快，但由于 BDCP 化学性质非常活泼，与
核苷上所有的羟基以及碱基上的氨基均有反应，因此，反应前甚至连尿苷的 3-N
亦需要保护，而且 BDCP 极易水解，使反应操作十分麻烦。 





















图 1-9 Ph3P/ClNPri2 试剂与核苷的氯代反应 
1.1.8  二氯亚砜在核苷氯代中的应用 
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